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PORTABLE LIFE SUPPORT EQUIPMENT FOR 

APOLLO APPLICATIONS MISSIONS 

By J. Travis Brown 

INTRODUCTION 

The first four Apollo Applications Program (AAP) missions will in- 
volve several payloads docked together in a cluster configuration. Mis- 
sions 1 and 2 (mission A) cluster configuration will consist of a 
Saturn IVB (S-IVB) spent stage, which will be converted into an orbital 
workshop, an airlock module (AM) , a multiple docking adapter (MDA) , and 
an Apollo command/service module (CSM) . 
mission B (56 days) will be flown. 
mission A cluster, with a revisiting comand/service module, plus a 
lunar module/Apollo telescope mount (LM/ATM), figures 1 and 2. The 
extravehicular activity (EVA) and intravehicular activity (IVA) life 
support requirements for both of these missions are analyzed in this 
report. Portable life support system concepts are investigated, and 
the equipment requirements that best support these missions are estab- 
lished. 

Following the 28-day mission A, 
This mission will consist of the 

MODES OF OPERATION 

The modes of operation that require pqrtable life support equipment 
are as follows: 

Extravehicular activity: Operations carried out by a suited crew- 
man at ambient pressures below 3.0 psia. 

Intravehicular activity: Operations carried out by a suited crew- 
man in an environment of 3.0 psia or greater with the suit pressurized 
to 3.9 psi above ambient pressure. 

Suit vented: Operations carried out by a suited crewman in a pres- 
sure environment of 3.0 psia or greater with the suit pressure equal to 
local ambient. 

NOTE: The above definitions are for purposes of this document only. 
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EVALUATION GROUND RULES 

The following basic  ground ru l e s  w e r e  used i n  choosing t h e  portable  
l i f e  support equipment t o  bes t  support t h e  AAP missions 1 t o  4. 

P r i o r i t y  fac tors  f o r  r a t ing  of d i f f e ren t  systems : 

1. 

2. cost  

Probabi l i ty  of accomplishing a l l  t asks  

3. Spacecrart modifications 

4. Total  weight 

The system shal l  have minimum volume, high r e l i a b i l i t y ,  and un- 
complicated checkout. 

CONSTMINTS 

The following technica l  cons t ra in ts  were adhered t o  i n  t h e  study 
e f f o r t  : 

1. Two men EVA simultaneously, one man IVA 

2. EVA excursions w i l l  be a nominal 3 hours 

3. Prebreathing time - 45 minutes 

4. No low-pressure umbilical connections o r  disconnections i n  a 
vacuum as a n  operational mode 

5.  Provide hardl ine communications and biomedical data  (excluding 
lunar portable l i f e  support system) 

6 .  The EVA l i f e  support system s h a l l  provide f o r  t he  following 
emergencies with allowable degradation as shown: 

a. L o s s  of primary cooling mode 

(1) 30 minutes 

( 2 )  

(3)  2000 Btu/hr metabolic rate 

300 Btu m a x i m u m  body heat storage 
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b. Loss of primary vent i la t ion  mode 

(1) 30 minutes 

2 (2) 15 mm Hg maximum PCO 

c. Loss of primary oxygen supply 

(1) 30 minutes 

( 2 )  Audible and v i s i b l e  warnings i f  emergency 0 i s  auto- 
2 m a t  i c a l l y  a c t  uat  ed 

d. F a i l  open of any vent i la t ion  loop relief valve 

(1) 30 minutes 

( 2 )  Sui t  pressure maintained 

2 ( 3 )  Relief valve override or  su f f i c i en t  makeup 0 

RECENT GUIDELINE CHANGES 

Early AAP EVA/IVA equipment s tudies  were based on then-current 
guidelines. Mission and spacecraft ground ru l e s  have since changed, and 
the  following i s  a l i s t  of t h e  more important changes since t h e  ear ly  
AAJ? studies:  

1. EVA equipment volume is  more c r i t i c a l ,  from both t h e  stowage 
standpoint and t h e  crewman mobility standpoint. 

2. Previous s tudies  assumed t h a t  t he  AM water system w a s  serviced 
at  launch. Present guidelines indicate  t h a t  t he  crewmen must charge the  
water system. 

3. Previous s tudies  assumed t h a t  the  command module (CM)  crewman 
would remove the  CM probe and drogue on mission B. Present plans are  
for  the two lunar module (IN) crewmen t o  t r ans fe r  through t h e  MDA and 
remove t h e  CM probe and drogue. 

4. Simplicity of EVA equipment checkout, service,  and deservice i s  
considered t o  be more c r i t i c a l .  

5. "Order of preference" of comparison fac tors  has changed, such 
t h a t  cost i s  of' higher preference than weight. 
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6 .  Missions are b e t t e r  defined than fo r  ear ly  AAP studies.  

7. Many spacecraft/equipment in te r face  problems have been ident i -  
f ied.  

8. Oxygen supply system changed from an AM gas system t o  a CSM 
cryogenic system with 2O-lb/hr flow capabi l i ty .  

9. Contingency EVA t r ans fe r  from LM t o  CM possible with 0 ba i l -  2 
out type system. This was previously considered unacceptable. 

10. Total EVA and IVA hours changed on both missions A and B. 

SYSTEMS CONSIDERED 

Among the  many portable l i f e  support system combinations considered, 
t he  following were chosen as candidates f o r  the  f i n a l  trade-off. Each 
i s  capable of supporting AAP missions 1 t o  4 requirements. 

1. Pressure control  un i t  (PCU) 

a. Ehergency oxygen pack (EOP) - 15 minutes 

b . 
Lunar  portable l i f e  support system (PLSS) 

Supplementary emergency oxygen supply ( SEOS ) - 30 minutes 

2.  

3. Modified portable l i f e  support system ( 0  e l e c t r i c a l  umbilical) 

4. 

5. New system (0  e l e c t r i c a l  umbilical) 

6. New system ( 0  e l e c t r i c a l ,  H 0 umbilical)  

7. Suit  vent i la t ion  un i t  (SW) 

2’ 

Portable environmental control system (PECS) 

2 ,  

2’ 2 

8. Other equipment 

a.  Visor-type helmet 

b.  Demand mask f o r  prebreathing 

c.  

d. Umbilicals 

Mask f o r  IVA (continuous purge) 
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Pressure Control Unit 

The PCU i s  chest-mounted, as shown i n  f igure 3, w i t h  oxygen sup- 
p l i ed  from an umbilical and from t h e  emergency oxygen pack (EOP) . 
quick disconnects provide the  capabi l i ty  of t r ans fe r r ing  from t h e  umbil- 
i c a l  t o  another oxygen source, such as the  supplementary emergency oxy- 
gen system (SEOS) . A s  shown i n  f igure  4 ,  oxygen i s  supplied t o  the  
medium pressure loop, where it i s  metered t o  the suit  by the  oxygen 
se lec tor  valve. A higher than normal flow s e t t i n g  of t he  valve w i l l  be 
provided f o r  backup gas cooling o f t h e  crewman. Oxygen flows out o f t h e  
s u i t  t o  t he  PCU s u i t  re l ief  valve,  which serves as a s u i t  vent and as a 
s u i t  pressure control.  A demand regulator  senses downstream s u i t  pres- 
sure and automatically supplies an addi t iona l  O2 flow i f  s u i t  pressure 

drops below 3.3 ps i .  
of an umbilical f a i l u r e .  
EVA crewman can t r ans fe r  t o  t h e  SEOS, which he manually connects t o  t h e  
PCU f o r  an addi t ional  30 minutes of oxygen. The prime cooling mode 
associated w i t h  the PCU i s  achieved by the  use of cooling water circu- 
lated from t h e  spacecraft  heat r e j ec t ion  system t o  the  liquid-cooled 
garment via umbilical. 

Two 

The EOP automatically provides oxygen i n  t h e  event 
The EOP supplies oxygen (15 minutes) u n t i l  t h e  

Lunar Portable Life  Support System 

The lunar PLSS, shown schematically i n  f igure  5 contains closed- 
loop oxygen vent i la t ion ,  a cooling-water c i rcu la t ion  loop, a sublimator 
heat r e j ec t ion  source, a primary oxygen supply, a ba t te ry  power supply, 
and a space s u i t  communications system. There i s  no umbilical associa- 
tea with employment of t h i s  system. The vent i la t ion  loop provides CO 

removal, humidity control ,  and O2 makeup from t h e  primary oxygen supply. 

The cooling-water c i rcu la t ion  loop provides heat t ranspor t  from the  
liquid-cooling garment t o  the  sublimator, which r e j e c t s  heat by sublima- 
t i o n  of s tored water t o  a vacuum environment. The space s u i t  communica- 
t i o n s  system provides the following: two-way voice communications 
between crewman ins ide  the  spacecraft  and t h e  EVA crewmen; processing 
of physiological,  environmental, and expendable s t a t u s  outputs f o r  
telemetry transmission t o  t h e  spacecraft;  and generating s ignals  f o r  
audible alarm of environmental conditions. 

2 

Modified PLSS (Electrical. and O2 Umbilical) 

The ba t t e ry  and primary O2 b o t t l e  are used as backups, 

electrical/communications and oxygen being supplied through 
f o r  normal operation. Figure 6 i s  a schematic i l l u s t r a t i o n  

with 

an umbilical 
of t h e  
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modified PLSS and shows how the  umbilical/PLSS in te r face  i s  configured. 
I n  the  event t he  umbilical or  spacecraft O2 supply i s  l o s t ,  t he  emer- 

gency 0 supply automatically actuates due t o  t h e  0 regulator configu- 

ra t ion ;  at t h i s  time, v i s i b l e  and audible warnings w i l l  be t r iggered.  
An O2 valve allows a high O2 flow t o  bypass the 3.9 p s i  regulator ,  thus 

providing a means of backup cooling f romthe  umbilical supply. The 
higher flow rate vents at  t he  s u i t  r e l i e f  valve, which is  an added com- 
ponent t o  the  PLSS. 
but without an umbilical, it w i l l  not have backup e l e c t r i c a l l  
communications. 

2 2 

T h i s  un i t  can be used with o r  without an umbilical, 

Portable Environmental Control System 

Figure 7 schematically i l l u s t r a t e s  t he  PECS, which contains closed- 
loop oxygen vent i la t ion ,  a cooling-water c i rcu la t ion  loop, an evaporator 
heat re jec t ion  source, an oxygen supply, a ba t te ry ,  and a liquid-to- 
l i qu id  heat exchanger. The system expendables a re  s ized,  such t h a t  EVA 
may be performed w i t h  o r  without an umbilical, and IVA can be accom- 
plished by u t i l i z a t i o n  of an umbilical which contains c i rcu la t ing  cool- 
ing water. 

serves as t h e  prime heat re jec t ion  source with umbilical high flow gas 
as  a backup. 

PECS liquid-to-liquid heat exchanger serves a s  t h e  prime cooling mode, 
w i t h  t h e  evaporator u t i l i z e d  as a backup. E lec t r i ca l  power and commu- 
nicat ions may be provided by an umbilical; o r  e l e c t r i c a l  power can be 
obtained from the  PECS ba t te ry ,  and a transceiver un i t  can be ins ta l led  
f o r  biomedical/communication. 

When operating on an 02 ,  e l e c t r i c a l  umbilical, t h e  evaporator 

If an 0 2 ,  e l e c t r i c a l ,  water umbilical i s  u t i l i zed ,  t h e  

New System (02  , Elec t r i ca l  Umbilical) 

Figure 8 i s  a schematic of t h e  new system, which i s  designed spe- 
c i f i c a l l y  f o r  AAP missions 1 t o  4 requirements. The system contains 
closed-loop oxygen vent i la t ion ,  a cooling-water c i rcu la t ion  loop, an 
evaporator heat re jec t ion  source, an emergency O2 supply, an emergency 

power supply, and an evaporative w a t e r  reservoir .  The system i s  depen- 
dent upon an umbilical fo r  primary oxygen supply, for  high-flow oxygen 
backup cooling, fo r  e l e c t r i c a l  power, and fo r  biomedical/communications. 
The evaporator i s  t h e  prime mode of cooling, while both the  ba t te ry  and 
oxygen b o t t l e  serve as backups. This system has self-contained capabil- 
i t y  for  emergency cases where umbilical independence is  necessary, but 
i n  t h i s  event, would be time-limited ( i .e . ,  t h e  O2 and ba t te ry  s ized 
fo r  30 minutes). 
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New System ( O2 , Elec t r i ca l  , H20 Umbilical) 

T h i s  new system, f igure  9 ,  i s  a l so  designed spec i f ica l ly  f o r  AAP 
missions 1 t o  4 requirements. 
explained i n  t h e  previous paragraph, except t h a t  it employs a liquid-to- 
l i qu id  heat exchanger f o r  water umbilical use. The evaporator serves as 
a backup, but unlike t h e  PECS, t h e  evaporator w a t e r  supply, oxygen 
supply, and ba t te ry  are s ized  f o r  a 30-minute emergency s i tua t ion .  
system can be used f o r  IVA with a water umbilical and has self-contained 
capabi l i ty  f o r  EVA, but only f o r  t h e  30-minute emergency time. 

This system is  similar t o  the  new system 

The 

Suit  Ventilation Unit 

The SW, which i s  f o r  IVA and suit-vent modes only, i s  a simplified 
PCU. It feeds umbilical-supplied oxygen t o  t h e  suit at  several d i f fe r -  
ent flow r a t e s ,  as determined by t h e  O2 valve se t t i ng .  Also, it serves 

as a su i t  relief valve,  back-pressurizing the suit t o  3.9 ps ia ;  and, it 
provides a means t o  vent a def la ted s u i t  while i n  a pressurized cabin. 
The uni t  i s  used primarily i n  a pressurized cabin, but a l so  serves as 
an emergency pressurization device i n  case cabin pressure i s  l o s t .  The 
SW w i l l  employ an aneroid-backup t o  a l l  modes of operation, such tha t  
during an exposure t o  vacuum conditions, t h e  su i t  w i l l  be maintained a t  
3.9 p s i  above ambient and vented when the O2 valve i s  actuated. Crewman 

cooling i s  accomplished by t h e  use of spacecraft cooling water, which i s  
circulated from t h e  spacecraft heat r e j ec t ion  system t o  t h e  l iquid- 
cooled garment via an umbilical. 

Other Equipment 

A visor-type helmet i s  advantageous f o r  IVA and s u i t  vent modes of 
operation, since it allows breathing of t he  conditioned cabin atmosphere 
w i t h  an open visor  and ye t  maintains t h e  helmet i n  a donned posi t ion 
ready f o r  pressurization of t h e  suit. 
oxygen and tankage weights, since 0 2 
( i .e . ,  can breathe the  cabin atmosphere); whereas, i f  a bubble-type hel- 
met i s  used, 0 vent flow is  continually required. 

The visor-type helmet would save 
would not be flowing unless required 

2 

The PLSS has no means of prebreathing and t h e  PCU and S W  require 
A demand-type mask i s  therefore  recommended f o r  pre- high flow rates. 

breathing requirements of t he  AAP missions. 

A low-profile O2 mask i s  desirable  f o r  O2 conservation during IVA 

when an open-loop O2 system i s  being employed. Even i f  an EVA system 
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i s  chosen t h a t  i s  capable of a l so  supporting IVA, a chest-mounted open- 
loop system w i l l  be used f o r  t he  maneuvering-unit experiment. 

2 
and e l e c t r i c a l  supplies;  t h e  other furnishing cooling-water supply and 
re turn  (from t h e  spacecraft  ECS) i n  addition t o  0 

Two basic  types of umbilicals were considered: one containing 0 

and e l e c t r i c a l .  2 

c 

MISSION ANALYSIS 

Missions 1, 2 ,  and 3, 4 were analyzed with respect t o  portable  l i f e  
support equipment and associated hardware requirements. This investiga- 
t i o n  included spacecraft  requirements, crewman t a sks ,  and portable  l i f e  
support equipment combinations capable of supporting these  requirements. 
Each s e t  of equipment t h a t  w a s  considered i n  the f i n a l  trade-off i s  
capable of satisf 'ying present AAP requirements f o r  missions 1 t o  4. The 
following requirements were found t o  be desirable  (or i n  some cases man- 
datory) ,  no matter which set of EVA/IVA l i f e  support equipment i s  
chosen. 

Missions 1 and 2 

For normal docking of t he  CSM t o  the  AM and i n i t i a l  MDA entry by 
t h e  crew, the MDA and AM w i l l  be pressurized. The su i ted  crewmen w i l l  
then enter  t he  pressurized MDA with e i the r  O2 vent flow t o  the  s u i t  or 
w i t h  a visor-type helmet donned. It i s  concluded t h a t  a v isor  helmet 
should be u t i l i z e d ,  due t o  the  oxygen savings benefi t  ( i . e .  , use open 
visor  w i t h  no O2 flow t o  s u i t  unless needed). 

have a water-cooling system i n  the CM t o  support water umbilicals fo r  
t h e  following reasons: 

It i s  a l s o  desirable  t o  

For t h e  contingency EVA ( i . e . ,  MDA does not pressur ize) ,  t h e  crew- 
men must have a water-cooling umbilical f o r  performing EVA with a PCU- 
type system. If a system i s  used t h a t  employs evaporative cooling, a 
w a t e r  umbilical i s  needed f o r  crewman cooling during system checkout 
while i n  a pressurized cabin. 

For normal operation, the crewmen must enter  t he  MDA and t h e  AM 
and charge the AM ECS water. 
umbilical fo r  t h i s  operation. 

Water cooling must be provided through an 
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Missions 3 and 4 

* 
The visor  helmet i s  a l so  advantageous f o r  missions 3 and 4. A 

water-cooling system t o  support a water umbilical i s  required i n  the  LM 
for  t h e  following reasons: 

For normal operation, t he  two LM crewmen must remove t h e  LM probe 
and drogue, t r ans fe r  through a pressurized MDA t o  t h e  CM, and remove 
the  CM probe and drogue. They must a l s o  charge t h e  AM ECS w a t e r  system. 
Metabolic heat r e j ec t ion  must be accomplished by water umbilicals during 
these operations. 

In  t h e  event EVA must be accomplished from t h e  LM, f o r  e i t h e r  t he  
ATM contingency mission or f o r  the c lus t e r  mission when t h e  MDA does not 
pressurize ,  water cooling v i a  an umbilical i s  required for  the PCU sys- 
t e m  or during EVA equipment checkout i f  an evaporative cooling-type sys- 
t e m  i s  employed. 

SYSTEM ADVANTAGES AND DISADVANTAGES 

A l l  of t he  EVA systems chosen as candidates f o r  t he  trade-off a r e  
capable of meeting the  AAP missions 1 t o  4 requirements, but each has 
de f in i t e  advantages and disadvantages. 
l i s t e d  with i t s  r e l a t i v e  advantages and disadvantages. 

Each candidate EVA system i s  

Pressure Control Unit 

Advantages : 

1. Small volume 

2. No recharge requirements 

3. Minimum checkout requirements 

4. EVA and IVA umbilicals same 

5. No time-dependent PCU expendables, except emergency 

Disadvantages : 

1. Would have t o  use ba i lou t  b o t t l e  concept for contingency trans- 
fer from LM t o  CM 

2. Requires la rge  0 b o t t l e  for backup O2 supply 2 
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3. Not self-contained ( i . e . ,  i n su f f i c i en t  emergency 0 f o r  gas cooling) 2 

4. 

5 .  

Continuous high O2 flow requirement 

Present AM heat r e j ec t ion  system inadequate t o  provide water 
temperatures and heat removal capabi l i ty  

6. Requires two ex t r a  umbilicals i n  s t r u c t u r a l  t r a n s i t i o n  sec- 
t i o n  (STS) i n  case AM fails t o  pressurize  and crewman has t o  t r ans fe r  
from one umbilical  t o  another i n  going from the  AM t o  t h e  MDA. 

Lunar PLSS 

Advantages : 

1. Qualified,  ava i lab le ,  and w i l l  have EVA usage 

2. Self-contained 

Disadvantages : 

1. Large volume ( i . e .  , has been demonstrated t h a t  it is  d i f f i c u l t  
t o  maneuver i n  t r u s s  area) 

2. L e s s  backup cooling and O2 capabi l i ty  than other  systems (OPS 
used f o r  backup cooling) 

3. Complex recharge requirements. The water recharge concept 
depends on gravi ty  fo r  "full-tank" assurance 

4, Complex deservice requirements (e.g. ,  LM condensate dump sys- 
tem i s  gravity-dependent, which requires  a LA4 modification f o r  contin- 
gency mission EVA capabi l i ty )  

5 .  No cooling capabi l i ty  i n  pressurized cabin 

6. No provision f o r  hardl ine communications or bioinstrumentation 

Umbilical PLSS ( 02,  E l e c t r i c a l  Umbilical) 

Advantages: 

1. Adequate backup modes 

2. No 0 recharge or ba t t e ry  replacement requirements 

3. No OPS required 

2 
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Disadvantages : 

1. Large volume (has been demonstrated t h a t  it is  d i f f i c u l t  t o  
maneuver i n  t r u s s  area) 

2. No cooling capabi l i ty  i n  pressurized cabin 

3. Complex recharge requirements (water recharge concepts depend 
on gravi ty  f o r  "full-tank" aSsurance) 

4. Complex deservice requirements (e.g. ,  LM condensate dump system 
i s  gravity-dependent, which requires  a LM modification fo r  contingency 
mission EVA capabi l i ty )  

5. Oversized backup expendables f o r  missions A and B 

PECS ( 4  Hours Capability With 
or  Without Umbilic a1 ) 

Advantages : 

1. Good backup modes 

2. Minimum recharge 

3. Cooling capabi l i ty  i n  pressurized cabin 

4. Smaller than PLSS 

5 .  Only system w i t h  4-hour capabi l i ty  w i t h  o r  without an umbilical 

6 .  Not as s t r ingent  on AM heat r e j ec t ion  system design as other 
H 0 umbilicals ( i . e . ,  has water bo i l e r  topoff capabi l i ty  or capabi l i ty  

of using 0 
t i o n )  

2 
e l e c t r i c a l  umbilical with water bo i l e r  as prime heat rejec- 2' 

Disadvantages : 

1. Oversized backup expendables fo r  missions A and B 

2. More new .development involved than PLSS 

3. Larger than PCU 
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New System (Electrical, O2 Umbilical) 

Advantages : 

1. Good backup mode designs 

2. Optimum sized backup expendables 

3. Minimum size for closed-loop portable system 

4. 

5. AM heat rejection system design not impacted as with H 0 umbil- 

Smaller than PLSS and PECS 

2 ical systems 

6. 

7. 

Disadvantages : 

1. More new development involved than PLSS 

2. Cannot be used for a great length of time as a self-contained 

Very little service and deservice required 

Self-contained capability (for 30-minute period) 

system 

3. 

4. Larger than PCU 

No cooling capability in pressurized cabin 

New System (Electrical, 02, H20 Umbilical) 

Advantages : 

1. 

2 .  

3. 

4. 

5 .  

6 .  

Good backup mode designs 

Optimum sized backup expendables 

Minimum size for closed-loop portable system 

Smaller than PLSS and PECS 

Minimum service and deservice required 

Provides cooling capability in pressurized cabin 

w 

. 



7 .  Self-contained capabi l i ty  (for 30-minute period) 

Disadvantages : 

1. More new development involved than PLSS 

2. 
system 

Cannot be used f o r  a grea t  length of t i m e  as a self-contained 

3. Present AM heat r e j ec t ion  system inadequate t o  supply t h e  heat 
removal and water temperatures required 

4. Larger than PCU 

WEIGHT TRADE-OFF' 

A de ta i led  weight trade-off w a s  performed, which took i n t o  account 
spacecrsft  system weights , l i f e  support equipment weights, and expend- 
ables (including tankage). 
t ab l e s  I and I1 show weight breakdowns for missions 1, 2,  and 3, 4 ,  
respectively.  Table I11 i s  a weight summary of t h e  de ta i led  weight 
char t s  . 

The guidelines are presented herein,  and 

Guidelines 

Mission man-hours.- 

Mission A Mission B 

EVA 20 36 

IVA 34 6 

Pr ebr eathing 4.5 9 

POS t -EVA 1 . 0  2.0 

General. - 
1. Sui t  purge 0 for  pre- and post-EVA: 2 

Mission A - 9.9 pounds 

Mission B - 19.8 pounds 

4 



1 4  

Purge-times vary, depending on t h e  flow capab i l i t i e s  of each system, 
but t he  t o t a l  O2 purged through t h e  sui t  i s  t h e  same. 

2. Assumed t h a t  any open-loop system used fo r  IVA w i l l  u t i l i z e  a 
mask with an 0 flow rate of 6.0 lb /hr  2 

3. Prebreathing system - demand mask system, at 1 . 0  l b /h r  per 
man 

4. Prebreathing time - 45 minutes 

5. 

6. 

CSM 0 

CSM power penalty (including reactant  tankage) f o r  PCU EVA 

and cryogenic tankage penalty = (02 required) x (1.5) 2 

( i . e . ,  requires 1500-watt heaters)  = 1.85 lb /h r  EVA 

7. LM water umbilical support system 

Fixed weight = 62 pounds 

H 0 tankage = 5.5 pounds per 40 pounds H20 

Water = 0.8 l b /h r  EVA or IVA 

2 

8. AM water umbilical systems - 80 pounds (100 pounds fo r  EVA 
H 0 umbilical systems) 2 

9 .  Suit  vent i la t ion  un i t  - 6 pounds 

Pressure control  unit .-  

1. PCU 12 pounds 

2. EOP (charged) 6 pounds 

3. SEOS (charged) 32 pounds 

4. Oxygen (EVA) 7.9 I b / h  

5. Oxygen ( I V A  with mask) 6.0 lb /hr  

Lunar  por t  able l i f e  support system. - 
1. Charged PLSS 82 pounds 

2. Charges OPS 38 pounds 

3. PLSS control box 4.43 pounds 
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x 

c 

4.  LiOH recharge 6.03 pounds 

5. Battery 5.18 pounds 

6. Sublimator water 2.63 lb /h r  EVA 

7. Oxygen 0.4 lb /hr  

Portable environmental control system.- 

1. Charged PECS 96 pounds 

2. LiOH recharge 3.5 pounds 

3 .  Oxygen 0.4 lb/hr  

New system (On, e l e c t r i c a l  umbilical) .- 
1. System weight (charged) 65 pounds 

L 

2. LiOH recharge 3.5 pounds 

3. Evaporative water 2.4 lb /hr  EVA 

4. Oxygen 0.4 lb/hr  

New system ( O2 , e l e c t r i c a l  , H,O umbilical) .  - 
1. System weight 65 pounds 

2. LiOH recharge 3.5 pounds 

3. Oxygen 0.4 lb/hr  

Umbilicals.- 

1. 60-foot 02¶ e l e c t r i c a l ,  40 pounds 

2. 60-foot 02, e l e c t r i c a l  20 pounds 

H20 umbilical 

umbili c a1 

COST ANALYSIS 

The cost  analysis includes t h e  design, development, and qualifica- 
t i o n  of t h e  EVA and IVA equipment required t o  support missions A and B 
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crew t r a in ing ,  manned a l t i t u d e  chamber runs,  and spacecraft  t e s t i n g  
exercises.  The costs  do not include ground support equipment, f i e l d  
support, o r  modifications t o  t h e  LM and CSM f o r  w a t e r  umbilical  systems. 
Also, some of t h e  support equipment, such as 0 masks, helmets, and 

s u i t s  a r e  not considered i n  the  cost analysis .  Table I V  presents a 
r e l a t i v e  cost  comparison o f  a l l  candidate systems. Actual do l l a r  values 
a re  not presented i n  t h i s  report .  

2 

CONCLUSIONS 

I n  considering each system with respect t o  the  r a t i n g  fac tors ,  it 
i s  found t h a t  no s e t  of candidate equipment qua l i f i e s  as optimum f o r  a l l  
r a t ing  fac tors .  Even though the  f ac to r s  have an order of preference, it 
i s  d i f f i c u l t  t o  es tab l i sh  a r e l a t i v e  base of comparison (e.g. ,  i s  a 
2-million-dollar savings worth a weight disadvantage of 200 pounds, 
500 pounds , 1000 pounds , e tc .  ? ) . 

"Probabili ty of accomplishing a l l  tasks" i s  best  supported by t h e  
PCU, due t o  i t s  s m a l l  volume and minimum checkout, service,  and deservice 
requirements. It i s  pointed out ,  however, t h a t  t h i s  r a t ing  fac tor  i s  
considered only as r e l a t ed  t o  operational requirements. 
c i e s  a r e  taken i n t o  account, t he  PCU, i n  most cases,  i s  the  l e s s  desir-  
able of a l l  systems, due t o  i t s  emergency backup l imi ta t ions .  

When contingen- 

The PCU system i s  the  optimum system from a cost  standpoint,  but it 
should be kept i n  mind t h a t  i f  AAP requirements of t h e  fu ture  d i c t a t e  a 
more elaborate l i f e  support system, then t h e  t o t a l  cost would be greater  
than i f  development of a more elaborate system is  present ly  i n i t i a t e d .  

A l l  combinations of EYA/IVA equipment a re  s i m i l a r  w i t h  respect t o  
spacecraft  system impact ." The systems u t i l i z i n g  water umbilicals f o r  

EVA, however, are more s t r ingent  on the  spacecraft  heat r e j ec t ion  system. 
This i s  due t o  the 40° F water temperature t h a t  must be provided during 
high metabolic heat rates, and t o  the  t o t a l  heat r e j ec t ion  capabi l i ty  
tha t  must be avai lable  t o  assure that  overheating of a crewman does not 
occur while performing EVA. Also, fo r  t he  PCU system, a l a rge  oxygen 
quantity i s  required; but t h e  O2 flow r a t e  capab i l i t i e s  a r e  not any more 

s t r ingent  than t h e  other systems, since most of t he  other systems use 
high flow 0 

O2 flow) f o r  IVA and s u i t  vent modes. 

11 

as a backup cooling mode and/or use t h e  SW (open-loop 2 

The weight trade-off shows t h a t  t he  PCU system has the  grea tes t  
t o t a l  weight, and t h a t  the two systems, which have cooling capabi l i ty  i n  
a pressurized cabin ( thus  saving oxygen required by an open-loop system), 



of fe r  t h e  lowest weight pena l t ies .  It i s  a l s o  concluded t h a t  t he  open- 
loop PCU system i s  more weight-time c r i t i c a l  than t h e  other systems con- 
sidered ( i . e . ,  any increase i n  EVA o r  IVA t o t a l  t i m e  w i l l  increase t o t a l  
weight more with the  PCU than with other  systems). 

The most f l e x i b l e  system and the  system with t h e  most growth poten- 
t i a l t o  assure fu ture  mission requirements i s  c l e a r l y  the  PECS. The 
inherent f l e x i b i l i t y  associated w i t h  t he  l iquid-to-liquid heat exchanger 
( i . e . ,  capabi l i ty  of operation with or without an umbilical and t o  pro- 
vide cooling while i n  a pressurized cabin) ,  t h e  metabolic r a t e  l e v e l  
design, and the  redundant and backup provisions have a l l  evolved from 
findings of past  portable  l i f e  support equipment programs. The PECS 
thus o f f e r s  t he  most elaborate and unique state-of-the-art l i f e  support 
system. 

In  summary, based on the guidelines of t h i s  study, and assuming 
t h a t  EVA/IVA requirements ( t o t a l  t i m e ,  operational modes , or contingency 
modes) fo r  AAF' w i l l  not change, t he  PCU system i s  t h e  more desirable  of 
t he  systems considered. This conclusion, however, i s  dependent on one 
ra t iona l iza t ion  - t h a t  t h e  cost  advantage as shown i n  t a b l e  I V  is  more 
desirable  than t h e  weight penalty as presented i n  t a b l e  111. It should 
a l so  be kept i n  mind that  i f  mission requirements (operational o r  con- 
tingency) or t o t a l  EVA or IVA times increase s ign i f i can t ly ,  t h e  PCU w i l l  
more than l i k e l y  f a l l  i n t o  a less desirable  category. 
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TABLE 1V.- COST COMPARISON 

c 
EVA system 

PCU 

Lunar PLSS 

Umbilical ( e l e c t r i -  
c a l ,  02) PLSS 

PCU and lunar PLSS 

PECS 

New system (e l ec t r i -  
ca l ,  O2 umbilical) 

I New system (e l ec t r i -  

2’ H2° I c a l ,  o 

I umbilical) 

IVR system I Cost comparison 

PCU, mask 1 , o  

SW, mask 1-79 
> 

SW, mask 1 - 7 7  

SW, mask 

SW and EVA system 
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